In this paper, we propose a new technique to the design and real-time control of an adaptive controller for robotic manipulator based on digital signal processors. The Texas Instruments DSPs(TMS320C80) chips are used in implementing real-time adaptive control algorithms to provide enhanced motion control performance for dual-arm robotic manipulators. In the proposed scheme, adaptation laws are derived from model reference adaptive control principle based on the improved Lyapunov second method.
INTRODUCTION
Currently there are much advanced techniques that are suitable for servo control of a large class of nonlinear systems including robotic manipulators (P.C.V. Parks, 1966 ; Y.K. Choi et al., 1986 ; Y.M. Yoshhiko, 1995) . Since the pioneering work of Dubowsky and DesForges (1979) , the interest in adaptive control of robot manipulators has been growing steadily (T. C. Hasi, 1986 ; D.
Koditschck, 1983; A. Koivo et al., 1983 ; S. Nicosia et al., 1984) . This growth is largely due to the fact that adaptive control theory 
System Modeling
The dynamic model of a manipulator-pluspayload is derived and the tracking control p roblem is stated in this section. 
where  is the n×1 vector representing the forward kinematics and    is the n×n Jacobian matrix of the manipulator.
Let us now consider payload in the manipulator dynamics. Suppose that the manipulator end-effector is firmly grasping a payload represented by the point mass ∆  .
For the payload to move with acceleration   in the gravity field, the end-effector must apply the n×1 force vector  given by 
where superscript T denotes transposition.
Hence, the total joint torque vector can be obtained by combining equations (1) and (4) as
Substituting equations (2) and (3) into equation (5) yields
Equation (6) shows explicity the effect of payload mass ∆  on the manipulator dynamics. This equation can be written as
where the modified inertia matrix    ∆     is symmetric and positive-definite. Equation (7) constitutes a nonlinear mathematical model of the manipulator-plus-payload dynamics.
Controller Design
The manipulator control problem is to develop a control scheme which ensures that the joint angle vector q(t) tracks any desired Nonlinear dynamic equation (7) 
Defining the 2n×1 position-velocity error vector
, equation (10) 
where, 
where   and   are the damping ratio and the undamped natural frequency.
The desired performance of the control system is embodied in the definition of the stable reference model equation (12) as following vector equation (13). 
where 
where ∆         and   is given by the Lyapunov equation (14) and
noting that     and    . Now, for the adaptation error f(t) to vanish asymptotically, i.e., for     , the function   must be negative-definite in .
For this purpose, we set
From the equation (19), We obtain
In the case of definition of equation (19) and ( 
where     ⋯    are symmetric positive semi-definite constant n×n matrices. Equation Thus, from the equation (24) -(27), the gains of adaptive control low in equation (9) are defined as follows: 
Simulation
This section represents the simulation results of the position and velocity control of a eight-link robotic manipulator by the proposed adaptive control algorithm, as shown in Fig.2 , and discusses the advantages of using joint controller based-on DSPs for motion control of a dual-arm robot. The adaptive scheme developed in this paper will be applied to the control of a dual-arm robot with eight axes. Fig.2 represents link coordinates of the dual-arm robot. Table Ⅰ lists values of link parameters of the robot. 
표 1 로봇의 링크 파라미터

